Background: endothelin-1 (eT-1) and Rho-kinase (ROcK) increase vascular tone in experimental persistent pulmonary hypertension of the newborn (PPhN). Whether eT-1 activates ROcK to decrease angiogenesis in the developing lung remains unknown. Methods: Proximal pulmonary artery endothelial cells (Paecs) were harvested from fetal sheep after partial ligation of the ductus arteriosus in utero (PPhN) and controls. Growth and tube formation were assessed after eT-1 treatment. The effect of eT-1 antagonism on tube formation was studied using eT-1 small interfering RNa (siRNa), eT-1 monoclonal antibodies (eT-1mabs), BQ-123 (an eT a blocker), and bosentan (an eT a /eT B blocker). eT-1 gene and protein and eT a /eT B receptor protein expression were measured in normal and PPhN Paecs. eT-1-ROcK interactions were assessed by measuring ROcK activity after eT-1, eT-1 siRNa, and bosentan treatments, and tube formation with eT-1 and Y-27632 (ROcK inhibitor). results: eT-1 did not affect growth but decreased tube formation in normal and PPhN Paecs. eT-1 protein and gene expression were increased and eT B receptor protein decreased in PPhN Paecs. eT-1 siRNa, eT-1mabs, and bosentan, but not BQ-123, increased tube formation. ROcK activity was increased in PPhN Paecs and decreased with eT-1 siRNa and bosentan treatments. Y-27632 prevented the decrease in tube formation with eT-1. conclusion: eT-1 activation of ROcK impairs angiogenesis of fetal Paecs. Disruption of eT-1-ROcK interactions may increase vascular growth in PPhN. P ersistent pulmonary hypertension of the newborn (PPHN) is a clinical syndrome characterized by elevated pulmonary vascular resistance (PVR) that persists after birth (1). Mechanisms contributing to increased PVR in PPHN include increased vascular tone, hypertensive remodeling, and, in the most severe cases, impaired angiogenesis (2). Decreased vascular growth often occurs in the setting of PPHN with lung hypoplasia, such as that in infants with congenital diaphragmatic hernia (2,3). In the presence of lung hypoplasia, decreased arterial number plays a prominent role in maintaining high PVR and contributes to increased mortality. Although inhaled nitric oxide is effective in treating many newborns with persistent pulmonary hypertension, PPHN with impaired angiogenesis is often refractory to nitric oxide therapy (4). Novel strategies that can stimulate vascular growth and increase arterial number may improve long-term outcomes; however, due to the lack of developmentally relevant models, mechanisms that impair angiogenesis and enhance lung vascular growth in severe PPHN remain poorly understood.
P ersistent pulmonary hypertension of the newborn (PPHN) is a clinical syndrome characterized by elevated pulmonary vascular resistance (PVR) that persists after birth (1) . Mechanisms contributing to increased PVR in PPHN include increased vascular tone, hypertensive remodeling, and, in the most severe cases, impaired angiogenesis (2) . Decreased vascular growth often occurs in the setting of PPHN with lung hypoplasia, such as that in infants with congenital diaphragmatic hernia (2, 3) . In the presence of lung hypoplasia, decreased arterial number plays a prominent role in maintaining high PVR and contributes to increased mortality. Although inhaled nitric oxide is effective in treating many newborns with persistent pulmonary hypertension, PPHN with impaired angiogenesis is often refractory to nitric oxide therapy (4) . Novel strategies that can stimulate vascular growth and increase arterial number may improve long-term outcomes; however, due to the lack of developmentally relevant models, mechanisms that impair angiogenesis and enhance lung vascular growth in severe PPHN remain poorly understood.
Previous studies have shown that partial ligation of the ductus arteriosus (DA) in late-gestation fetal sheep provides a useful animal model for studying the pathogenesis and treatment of PPHN (5) . In this model, partial DA ligation increases pulmonary artery pressure without causing sustained elevations of pulmonary blood flow or hypoxemia (5) . PVR remains elevated at birth, with extrapulmonary shunting and hypoxemia (5) . Along with changes in vascular tone, DA ligation impairs lung vascular growth in vivo and causes sustained abnormalities of pulmonary artery endothelial cell (PAEC) growth and tube formation in vitro (6, 7) . The mechanism by which hemodynamic stress induced by hypertension disrupts normal endothelial cell signaling and function and impairs vascular growth in PPHN is unknown.
In adult models of experimental pulmonary hypertension, high endothelin-1 (ET-1) activity increases vascular tone and promotes hypertensive structural remodeling with smooth muscle proliferation (8) (9) (10) . ET-1 is strongly expressed in the developing lung and maintains high PVR in the normal fetus (11, 12) . ET-1 has also been implicated in the pathogenesis of PPHN in experimental models and the clinical setting. PPHN in fetal sheep caused by DA ligation is characterized by increased lung ET-1 content and altered ET receptor expression and is prevented by treatment with a selective ET A receptor antagonist (13, 14) . In addition, human newborns with severe persistent pulmonary hypertension have high circulating ET-1 levels (15) , and in infants who died from congenital Articles ET-1-Rho-kinase interactions in PPHN diaphragmatic hernia, lung ET-1 levels are also markedly increased (3, 16) . These studies demonstrate the importance of ET-1 in the pathogenesis of severe PPHN, especially in the setting of lung hypoplasia.
Although most studies have focused on the effects of ET-1 on vascular smooth muscle, previous studies of tumor angiogenesis and human umbilical vein endothelial cells have suggested a proangiogenic effect of ET-1 on endothelial cells (17, 18) . ET-1 levels are markedly increased in clinical and experimental PPHN, but whether ET-1 regulates angiogenesis in the developing lung and alters angiogenesis in severe PPHN has not been previously studied.
Rho-kinase (ROCK) is a complex signaling pathway responsible for cellular proliferation, migration, barrier function, differentiation, and gene expression in diverse vascular beds (19, 20) . ROCK activity maintains high PVR and contributes to the myogenic response in the normal fetal lung (21, 22) . In experimental models of neonatal and adult pulmonary hypertension, high ROCK activity causes high vascular tone, increased myogenic reactivity, and hypertensive vascular remodeling (20, (22) (23) (24) . ET-1 is an upstream regulator of ROCK activity (25) , and previous reports have suggested that activation of ROCK and excessive ROCK activity impair PAEC function in vitro (26) . ET-1 levels and ROCK activity are increased in diverse models of pulmonary hypertension, but whether ET-1 activation of ROCK causes endothelial cell dysfunction and impaired angiogenesis in PPHN remains unknown.
Therefore, we hypothesized that ET-1 impairs angiogenesis in experimental PPHN and that these effects are mediated through the activation of ROCK. In this study, we report increased ET-1 production by PAECs from PPHN fetal sheep and that ET-1 activation of ROCK decreases tube formation in vitro. These findings support the hypothesis that ET-1-ROCK interactions contribute to endothelial dysfunction and decreased vascular growth in PPHN.
ReSUlTS

ET-1 Decreases Three-Dimensional Tube Formation in Normal PAECs
Growth and tube formation were assessed in normal fetal PAECs with and without ET-1 treatment (100 nmol/l). ET-1 treatment had no effect on cell growth (Figure 1a ) but decreased tube formation in normal PAECs. ET-1 treatment decreased tube length by 15% (P < 0.01) and branch points per high-power field (HPF) by 32% (P < 0.01) in normal fetal PAECs (Figure 1b) .
ET-1 Decreases Three-Dimensional Tube Formation in PPHN PAECs
Growth and tube formation were assessed in PPHN fetal PAECs with and without ET-1 treatment. ET-1 treatment had no effect on PPHN PAEC growth (Figure 2a) . Tube formation by PPHN PAECs was significantly decreased as compared with age-matched controls. Tube length was decreased by 27% (P < 0.01) and the number of branch points per HPF was decreased by 32% (P < 0.01) in PPHN PAECs. ET-1 treatment (100 nmol/l) further decreased tube length by 24% (P < 0.05) and the number of branch points per HPF by 28% (P < 0.05) in PPHN fetal PAECs (Figure 2b ).
Increased ET-1 Production by PPHN PAECs
As compared with controls, ET-1 protein expression in the cell supernatant increased twofold (Figure 3a) and ET-1 mRNA expression increased by 47% (Figure 3b) in PPHN PAECs.
Effect of ET-1 Inhibition on Tube Formation in Normal and PPHN Fetal PAECs
Tube formation was assessed in normal and PPHN PAECs after exposure to ET-1 monoclonal antibodies (ET-1mAbs) and ET-1 small interfering RNA (siRNA) (4 µmol/l). ET-1mAbs bind to ET-1 and prevents binding to ET A and ET B receptors. ET-1mAbs increased tube length by 36% (P < 0.05 for each comparison) (Figure 4a ) and the number of branch points per HPF by 53% and 56% (P < 0.05 for each comparison) in normal and PPHN PAECs, respectively (Figure 4a) . ET-1 siRNA decreased ET-1 mRNA expression by 50% and 54% in normal and PPHN PAECs, respectively (Figure 4b) . ET-1 siRNA increased tube length by 32% and 46% (both P < 0.01) (Figure 4c ) and the number of branch points per HPF by 53% and 61% (both P < 0.01) in normal and PPHN fetal PAECs, respectively (Figure 4d) . Both ETmAbs and ET-1 siRNA restored tube formation by PPHN fetal PAECs to similar values seen in normal untreated controls.
Decreased ET B Receptor Protein by PAECs From PPHN Fetal Sheep
ET B receptor protein was measured in whole-cell lysates from normal and PPHN PAECs (n = 4 clones) by western blot analysis. ET B receptor protein expression was decreased by 48% (P < 0.01) in PAECs from PPHN fetal sheep (Figure 5a ). ET A receptor protein was detected in pulmonary artery smooth muscle cells but not in PAEC whole-cell lysates, demonstrating absence of ET A receptor expression in PAECs (Figure 5b) . Twenty micrograms of protein was loaded per lane, and differences in β-actin protein expression were noted between pulmonary artery smooth muscle cells and PAECs. Tube formation was assessed in normal and PPHN PAECs in the presence of ET A receptor blockade (BQ-123, 1 µmol/l) and combined ET A /ET B receptor blockade (bosentan, 1 µmol/l) with and without ET-1 (100 nmol/l) treatment. BQ-123 alone had no effect on tube length (Figure 6a) or number of branch points per HPF in normal and PPHN PAECs (Figure 6b) . BQ-123 did not prevent the decrease in tube length and number of branch points per HPF with ET-1 treatment. Tube length was decreased by 49% (P < 0.01) in normal PAECs and 26% (P < 0.05) in PPHN PAECs (Figure 6a ) and branch points per HPF were decreased by 27% in normal and 34% in PPHN PAECs (Figure 6b) (Figure 6c ) and increased the number of branch points per HPF by 45% and 62% (P < 0.01 for each comparison) in normal and PPHN PAECs, respectively (Figure 6d) . Bosentan prevented the decrease in tube length and number of branch points per HPF with ET-1 treatment. When combination treatment with bosentan and ET-1 was used, tube length was increased by 42% (P < 0.01) in normal PAECs and 32% (P < 0.05) in PPHN PAECs (Figure 6c) , and the number of branch points per HPF was increased by 48% in normal and 61% in PPHN PAECs (Figure 6d (Figure 7c ). Y-27632 alone increased tube length by 13 (P < 0.05) and 36% (P < 0.01) and branch points per HPF by 18 (P < 0.05) and 44% (P < 0.01) in normal and PPHN PAECs, respectively (data not shown).
Effect of Bosentan on ROCK Activity in Normal and PPHN PAECs
The effect of bosentan on ROCK activity was measured by MYPT-1 and phosphorylated-MYPT-1 protein by western blot analysis in normal and PPHN PAEC whole-cell lysates (n = 4 clones) with and without ET-1 (100 nmol/l) treatment. In normal PAECs, bosentan decreased the phosphorylated-MYPT-1:MYPT-1 protein ratio by 39% and 41% with and without ET-1 treatment, respectively (P < 0.05 and P < 0.01, respectively), whereas in PPHN PAECs, the ratio was decreased by 36% and 32% with and without ET-1 treatment, respectively (P < 0.01 for both comparisons) (Figure 8) . Both in the presence and absence of ET-1 treatment, bosentan decreased ROCK activity to levels similar to those seen in normal untreated controls.
DiSCUSSioN
We report that ET-1 had no effect on PAEC growth, but ET-1 decreased tube formation in normal and PPHN fetal PAECs. In comparison with control PAECs, tube formation by PPHN PAECs was decreased. ET-1 protein and gene expression were increased and ET B receptor protein decreased in PPHN PAECs. Treatment of PPHN PAECs with ET-1 siRNA, ET-1mAbs, and bosentan, but not BQ-123, increased tube formation. As compared with controls, ROCK activity was increased in PPHN PAECs and was decreased with ET-1 siRNA and bosentan treatments. Although these findings are from in vitro studies, they suggest that ET-1 directly alters PAEC function and impairs angiogenesis of fetal PAECs through ROCK activation and that disruption of ET-1-ROCK interactions may ameliorate endothelial dysfunction and increase vascular growth in severe PPHN. In addition to increased vascular tone and marked hypertensive remodeling of the vascular wall, decreased arterial density also contributes to high PVR in severe PPHN, especially in the setting of lung hypoplasia (2,4,6,7,26). Earlier Articles Gien et al.
studies have shown that pulmonary hypertension during late gestation impairs fetal lung vascular growth in vivo (7) and causes abnormalities in PAECs that persist in vitro (6) . The PAEC PPHN phenotype is characterized by decreased growth and tube formation, altered vascular endothelial growth factor-nitric oxide signaling, and increased ROCK activity (6, 26) . Although these findings provide some insights into mechanisms responsible for impaired angiogenesis in severe PPHN, the mechanism by which sustained elevations in pulmonary arterial pressure inhibit lung angiogenesis during development is poorly understood. ET-1 contributes to the development of pulmonary hypertension (8) (9) (10) 13, 14) , but whether ET-1 regulates angiogenesis in the developing lung and contributes to impaired angiogenesis in PPHN has not been previously studied. ET-1 has been implicated in the pathogenesis of diverse neonatal diseases. Newborn infants with meconium aspiration, respiratory distress syndrome, birth asphyxia, or sepsis all have increased serum ET-1 levels, which correlate with disease severity (27) (28) (29) . ET-1 also contributes to the development of bronchopulmonary dysplasia, a chronic lung disease of infancy characterized by decreased alveolar and vascular growth. In newborn infants with respiratory distress syndrome, the degree of elevation in plasma ET-1 concentrations predicted higher risk for the subsequent development of bronchopulmonary dysplasia (28, 29) . Earlier work further suggests that lung fibrosis in bronchopulmonary dysplasia may also be ET-1 dependent (30) . In newborn lambs with respiratory distress syndrome and PPHN, serum ET-1 levels correlated with the degree of elevation in pulmonary artery pressure (31) , and human newborns with severe PPHN have high circulating levels of ET-1 (15) . In infants with congenital diaphragmatic hernia, plasma ET-1 levels predict disease severity and degree of pulmonary hypertension (3), and in infants who died from congenital diaphragmatic hernia, lung ET-1 levels are also markedly increased (16) 
This is the first study to suggest that ET-1 may be responsible for decreased fetal lung vascular growth in experimental PPHN. The findings that exogenous ET-1 treatment decreased PAEC tube formation and ET-1 siRNA increased tube formation in normal and PPHN PAECs suggest that ET-1, through disrupting PAEC function, may be responsible for impaired angiogenesis in PPHN. Although these are in vitro findings, they do provide some insights into how PAEC dysfunction contributes to impaired angiogenesis in PPHN. In contrast to our findings in the fetal lung, studies of tumor angiogenesis have demonstrated a proangiogenic role for ET-1 and that ET-1 increases tumor vascularity in lung cancer through ET A receptor activation (17) . In addition, others have shown that ET-1 increases vascular network formation through ET B receptor activation in human umbilical vein endothelial cells (18) . These findings differ from the current results and may be explained in part by differences in cell type and developmental timing, or perhaps differential receptor activation.
A previous report has suggested that ET A receptor protein may be expressed in PAECs from adults with idiopathic pulmonary hypertension (32) . However, although we could readily detect ET A receptor protein expression in fetal pulmonary artery smooth muscle cells, we could not detect the ET A receptor in PAECs in our study. In addition, BQ-123, a selective ET A receptor blocker, had no effect on tube formation in PAECs and did not prevent the decrease in tube formation during ET-1 treatment. By contrast, the effects of ET-1 on both ROCK activation and tube formation were prevented by bosentan. These interesting findings support our speculation that ET B receptors may mediate ET-1 activation of ROCK and contribute to impaired tube formation in PPHN. Although ET-1 activation of ET B receptors increases nitric oxide production, other published studies have shown that ET-1 increases reactive oxygen species (33) and thromboxane A2 release (34) through ET B receptor activation. Both reactive oxygen species and thromboxane A2 are potent activators of ROCK (35, 36) , suggesting a putative mechanism linking ET B receptor stimulation with ROCK activation. We 
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speculate that in the setting of neonatal pulmonary hypertension with impaired vascular growth, combined ET A /ET B receptor blockade may be more beneficial than selective ET A receptor blockade alone. High ET-1 and ROCK activities contribute to high pulmonary vascular tone and myogenic reactivity in the normal fetus (11, 12, 21, 22) . With chronic intrauterine pulmonary hypertension, lung ET-1 gene and protein expression and ROCK activity are increased (13, 26) . However, links between these two potent cell-signaling pathways in neonatal pulmonary hypertension have not been previously studied. The current study reports that ET-1 treatment increases ROCK activity in fetal PAECs and that the adverse effects of ET-1 on tube formation are reversed by ROCK inhibition, suggesting that ET-1 is responsible for increased ROCK activity in PPHN PAECs and that ROCK mediates ET-1-induced reduction of tube formation in vitro. siRNA knockdown of ET-1 increases tube formation in normal and PPHN PAECs and decreases ROCK activity, suggesting that ET-1-ROCK interactions may be responsible for decreased PAEC function and impaired angiogenesis in PPHN. In contrast to our findings in the fetal lung, the role of ROCK in the regulation Articles Gien et al.
of angiogenesis in chronic pulmonary hypertension is controversial. In adult rats with pulmonary hypertension due to chronic hypoxia, ROCK inhibition inhibits angiogenesis (37) . These findings differ from the current results and may be explained in part by differences between species or development timing. Potential limitations of this study include the use of fetal PAECs harvested from relatively large vessels; differences may exist in the behavior of these cells as compared with microvascular PAECs. Although microvascular PAECs may better represent where lung angiogenesis occurs during development, studying organ-specific cells from a developmentally relevant model of PPHN and the use of multiple clones of cells from different animals is a strength of our study. Future studies are needed to compare and contrast ET-1-ROCK interactions in microvascular PAECs to determine if similar cellular mechanisms are responsible for impaired microvascular endothelial cell function. Another potential limitation is the fact that angiogenesis was only measured in vitro. Whether increased ET-1 production activates ROCK to impair angiogenesis and if prolonged ET-1 or ROCK inhibition enhances angiogenesis in vivo remain unknown.
In conclusion, we found that ET-1 impairs fetal PAEC function through ROCK activation and may contribute to decreased vascular growth in severe PPHN. We speculate that treatment strategies that inhibit ET-1 production, block ET B receptor activity, or disrupt ET-1-ROCK interactions in PPHN may improve PAEC function and enhance lung angiogenesis, which may be especially important in treating pulmonary hypertension in the presence of endothelial dysfunction and lung hypoplasia.
MeTHoDS
Isolation and Culture of Fetal Ovine Pulmonary Arterial Endothelial Cells
All procedures and protocols were reviewed and approved by the Animal Care and Use Committee at the University of Colorado Health Sciences Center, Aurora, CO. The left and right pulmonary arteries were isolated at 135-140 d of gestation (term = 147 d) from late-gestation normal fetal sheep (n = 4) (mixed-breed ColumbiaRambouillet pregnant ewes) and from fetal sheep that had undergone partial ligation of the DA in utero at 125-130 d of gestation, 7-10 d before euthanasia (PPHN) (n = 4) as previously described (5) . Proximal PAECs were isolated and PAEC phenotype was confirmed by cobblestone appearance and positive immunostaining for von Willebrand factor, endothelial nitric oxide synthase, and vascular endothelial cadherin. Vascular endothelial growth factorreceptor 2 (kinase insert domain receptor), positive uptake of acetylated low-density lipoprotein, and negative staining for desmin as previously described (6) . Cells from passages 4 and 5 were used for the experiments, and all experiments were performed in 3% oxygen to mimic the in utero fetal environment. Cells from each animal were kept separate throughout all passages and experiments.
Cell Growth
Fetal PAECs from normal and PPHN lambs were plated at 2 × 10 5 cells per well and allowed to adhere overnight. Cells were grown in Dulbecco's modified essential medium (Sigma, St. Louis, MO) supplemented with 5% fetal bovine serum (Sigma) with and without ET-1 treatment. Daily cell counts were performed for 4 d using a hemocytometer.
Three-Dimensional Tube Formation Assay
PAECs were grown to 90% confluence in T150 flasks and trypsinized. A volume of 2.5 × 10 5 cells per well in a 24-well plate was resuspended in a collagen mix, which is prepared by diluting bovine type 1 collagen (5 mg/ml) (R&D, Minneapolis, MN) in sterile water for a 1.3 mg/ml final concentration and 10× phosphate-buffered saline with phenol red for quantification of pH. After mixing the collagen-PAEC suspension, 0.5 ml was added per well to a 24-well plate, and the plate was placed in the incubator for 1 h to allow for polymerization. Various combinations of ET-1 (100 nmol/l) (Sigma), Y-27632 (1 µmol/l) (Cayman Chemical, Ann Arbor, MI), BQ-123 (1 µmol/l) (Sigma), and bosentan (1 µmol/l) (Actelion Pharmaceuticals, San Francisco, CA) were added, and media were changed daily to achieve maximal tube formation. Tube formation was also assessed after exposure to ET-1 siRNA and control siRNA. Tube formation was quantified using Fovea 3 software analysis (Microsoft, Redmond, WA) by counting the number of branch points per HPF and measuring tube length.
ET-1 Assay
Enzyme-linked immunosorbent assay (EIA) was performed using the EIA for Endothelin-1 kit (Peninsula Laboratories, San Carlos, CA). Articles
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PAECs from control and PPHN fetal sheep were grown to 90% confluence in T75 flasks, and cell supernatant collected for solid-phase extraction by Sep-Pak C 18 columns (Peninsula Laboratories). Before loading onto the column, 0.25 ml 2 mol/l HCL was added to each sample to acidify the solution. Solid-phase extraction was performed and samples lyophilized overnight using a centrifugal concentrator. Purified lyophilized samples were resuspended in EIA buffer, and EIA was performed in triplicate per manufacturer's recommendations.
Differences in ET-1 protein between supernatant from normal and PPHN PAECs were measured and quantified.
ET-1 siRNA ET-1 siRNA was purchased from Santa Cruz Biotechnology (Santa Cruz, CA), and siRNA knockdown was performed per manufacturer's recommendations using control siRNA as a negative control. receptor blockade (bosentan, 1 µmol/l) with and without eT-1 (100 nmol/l) treatment. BQ-123 alone had no effect on tube length (in a) and number of branch points per HPF (in b) in normal and PPHN PAeCs and did not prevent the decrease in tube length (in a) and number of branch points per HPF (in b) with eT-1 treatment. Tube length was decreased by 49% (*P < 0.01) and 26% (**P < 0.05) (in a) and branch points per HPF by 27% and 34% (in b) in normal and PPHN PAeCs, respectively (**P < 0.05 for each comparison). Bosentan alone increased tube length by 35% and 42% (in c) (**P < 0.01 for each comparison) and number of branch points per HPF by 45% and 62% (in d) (*P < 0.01 for each comparison) in normal and PPHN PAeCs, respectively. Bosentan also prevented the decrease in tube length and number of branch points per HPF with eT-1 treatment (in c,d) . With bosentan and eT-1 treatment in combination, tube length was increased by 42% (*P < 0.01) and 32% (**P < 0.05) (in c) and branch points per HPF increased by 48% and 61% (in d) in normal and PPHN PAeCs, respectively (**P < 0.05 for each comparison). eT, endothelin; HPF, high-power field; PAeC, pulmonary artery endothelial cell; PPHN, persistent pulmonary hypertension of the newborn. Articles Gien et al.
RNA Isolation and Real-Time PCR
RNA was isolated from 95% confluent PAECs using RLT buffer (Qiagen, Valencia, CA) for lysis of cells and the RNAeasy minikit (Qiagen) per manufacturer's protocol. Reverse-transcriptase reactions were prepared using 2 μg of RNA and Superscript III RT with random hexamers (Invitrogen, Carlsbad, CA). Real-time PCR primers and assays were optimized for ET-1 (Integrated DNA Technologies, Coralville, IA) (forward sequence: AGGTTGGAGACCATCAGCAA; reverse sequence: AGCACGGCTGTAGATCACTT) and S15 (Integrated DNA Technologies). Real-time PCR was performed using 2 ng of diluted cDNA and LightCycler 480 SYBR Green I Master (Roche, Indianapolis, IN) on the Roche-Light Cycle 480 II real-time PCR instrument (Roche). A relative standard curve of pooled PAEC lysate was generated (six standards prepared at fourfold serial dilutions) and used for quantification of unknown sample expression. Results were adjusted to S15 expression and expressed relative to the average of the control for each gene.
Western Blot Analysis
PAECs from normal and PPHN fetal sheep were grown on 150 mm cloning dishes in Dulbecco's modified essential medium supplemented with 5% serum. At 70% confluence, PAECs were treated with ET-1 (100 nmol/l) with or without bosentan (1 µmol/l) for 24 h. Seventy percent confluence was chosen because previous studies have demonstrated a downregulation of important cell-signaling pathways with confluence (38) . At the time of harvest, PAECs were 95% 
